Chronic high cytosolic calcium decreases AICAR-induced AMPK activity via calcium/calmodulin activated protein kinase II signaling cascade.
Calcium is important for muscle contraction and controls many cellular processes. Although there is evidence that calcium-mediated signals regulate AMP-activated protein kinase (AMPK) activity, the molecular mechanisms by which calcium regulates AMPK are poorly understood. To compare the function of sustained vs. intermittent calcium oscillations on AMPK activity and define specific signals in this pathway, we administered mice with aminoimidazole-carboxamide-ribonucleotide (AICAR) and caffeine with or without dantrolene. AMPK activity was increased by 10 d AICAR treatment (P < 0.01). Ten day caffeine treatment decreased AICAR-induced AMPK activity to control level. This repressed AMPK activity was blocked by dantrolene. Different calcium frequencies were simulated in C2C12 myotubes by alternating media containing caffeine and dantrolene. Intermittent calcium oscillation increased AMPK activity compared to control (P < 0.05), whereas sustained calcium oscillation decreases AICAR-induced AMPK activity to control level. This result suggests a biphasic control of AMPK activity by calcium. Knockdown of CaMKII expression by short-hairpin RNA resulted in increased AMPK phosphorylation by AICAR even in the presence of caffeine. These data show different calcium oscillations elicit distinct responses in muscle cells suggesting that the negative effects of chronic calcium treatment on AMPK activity is partly mediated through the CaMKII signals.